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Dl: US 2003/058959 Al 
D2: US 5923712 A 
D3: GB 2385730 A 
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The cited documents represent the general state of the art. 

The invention defined in claims 1-24, filed with the letter of 
2005-10-31 , is not disclosed by any of these documents. 

The cited prior art does not give any indication that would 
lead a person skilled in the art to the claimed training 
method for a power amplifier pre-distorter , power amplifier 
pre -distorter and base station. Therefore, the claimed 
invention is not obvious to a person skilled in the art. 

Accordingly, the invention defined in claims 1-24 is novel and 
is considered to involve an inventive step. The invention is 
industrially applicable. 



Form PCT/IPEA/409 (Box No. V) (April 2005) 



BEST AVAILABLE COPY 



iThe Swedish Patent Office 
\ PCT International Application 



'CT/SE 2003/ 0 0 1 825 
3 1 -10- 2005 



l 



CLAIMS 



1 . A training method for a power amplifier pre-distorter formed by a FIR filter 
structure including 

an individual look-up table for each filter tap, each look-up table 
representing a discretized polynomial in a variable representing input signal 
amplitude, and 

means for selecting, from each filter tap look-up table, a filter coefficient 
that depends on the amplitude of a corresponding complex signal value to be 
multiplied by the filter tap, said training method including the steps of 

storing measured unamplified input signal samples and corresponding 
power amplifier output signal feedback samples; and 

determining look-up table filter coefficients for each filter tap by sepa- 
rate independent iterative procedures using said stored samples. 

2. The method of claim 1, wherein said iterative procedures are least mean 
square based. 

3. The method of claim 2, including the step of calculating a refined filter 
coefficient estimate T qi {b) corresponding to a filter tap with a delay q and a 

signal amplitude bin b from a previous filter coefficient estimate T qi _ x {b) in 
accordance with the equation: 




k-q 



* 



where 



jjq is a predetermined constant associated with filter tap g, 
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Nb is the number of stored input signal samples that have an amplitude 
that falls within a predetermined window Mb around the center amplitude of 
bin b, 

Xhq is a stored input signal sample that has a delay q, 
t/k is a power amplifier output signal feedback sample corresponding to 
power amplifier input signal sample Xk } 
* denotes complex conjugation. 



10 4. The method of claim 2, including the step of calculating a refined filter 

• coefficient estimate T qi (b) corresponding to a filter tap with a delay q and a 

signal amplitude bin b from a previous filter coefficient estimate T qi _ x (b) in 
accordance with the equation: 



15 



T qi {b) = T qi _ x {b) + n q -u{b)j-. V (x k -y k )- Xi 



k-q 



where 

/jq is a constant associated with filter tap q, 

Nb is the number of stored input signal samples that have an amplitude 
that falls within a predetermined window Mb around the center amplitude \x b \ 

20 of bin b, 

Xk-q is a stored input signal sample that has a delay q, 
ijk is a power amplifier output signal feedback sample corresponding to 
input signal sample Xk, 

* denotes complex conjugation. 

25 
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5. The method of claim 2, including the step of calculating a refined filter 
coefficient estimate T qt (b) corresponding to a filter tap with a delay q and a 

signal amplitude bin b from a previous filter coefficient estimate T ql _ x (b) in 
accordance with the equation: 



10 



15 



*k-q 



where 

/Aj is a constant associated with filter tap q, 

Xkrq is a stored input signal sample that has that has a delay q and an 
amplitude that falls within a predetermined window Mb around the center 
amplitude of bin b, 

rjk is a power amplifier output signal feedback sample corresponding to 
input signal sample Xk, 

* denotes complex conjugation. 



6. The method of claim 2, including the step of calculating a refined filter 
coefficient estimate T qi (6) corresponding to a filter tap with a delay q and a 

signal amplitude bin b from a previous filter coefficient estimate 7\_j (b) in 
2 0 accordance with the equation: 

T ql (b) = T qt _ x (b) + ju q • u(b) '(x k -y k y x k _ q : \x k . q \ e M b 
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where 

jiiq is a constant associated with filter tap g, 

Xfc^ is a stored input signal sample that has a delay q and an amplitude 
that falls within a predetermined window Mb around the center amplitude \x b \ 
5 of bin b y 

Xk is a power amplifier input signal sample that ykq is a power amplifier 
output signal feedback sample corresponding to input signal sample Xk, 
* denotes complex conjugation. 

10 

7. A power amplifier pre-distorter formed by a FIR filter structure including 

an individual look-up table for each filter tap, each look-up table repre- 
senting a discretized polynomial in a variable representing input signal 
amplitude, and 

15 means for selecting, from each filter tap look-up table, a filter coefficient 

that depends on the amplitude of a corresponding complex signal value to be 
multiplied by the filter tap, said pre-distorter including 

means (50) for storing measured un amplified input signal samples and 
corresponding power amplifier output signal feedback samples; and 
20 i means (48) for determining look-up table filter coefficients for each filter 

I tap by separate independent iterative procedures using said stored samples 

8. The pre-distorter of claim 7, including means (48, 50) for implementing said 
25 iterative procedures as least mean square based iterative procedures. 

9. The pre-distorter of claim 8, including means (48) for calculating a refined 
filter coefficient estimate T qi (b) corresponding to a filter tap with a delay q 

30 and a signal amplitude bin b from a previous filter coefficient estimate T qi _ x (&) 

in accordance with the equation: 

AMENDED SHEET 
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where 

/jq is a predetermined constant associated with filter tap q 7 
Nb is the number of stored input signal samples that have an amplitude 
5 that falls within a predetermined window Mb around the center amplitude of 

bin fa, 

Xkrq is a stored input signal sample that has a delay q, 
yk is a power amplifier output signal feedback sample corresponding to 
input signal sample xfc, 
10 * denotes complex conjugation. 



15 



10. The pre-distorter of claim 8, including means (48) for calculating a refined 
filter coefficient estimate T qi (6) corresponding to a filter tap with a delay q 

and a signal amplitude bin fa from a previous filter coefficient estimate T qi _ x (fa) 
in accordance with the equation: 



20 



iV 6 |*,_,|e/l/ 4 



where 

fiq is a constant associated with filter tap q, 

Nb is the number of stored input signal samples that have an amplitude 
that falls within a predetermined window Mb around the center amplitude \x b \ 
of bin fa, 

Xfc-g is a stored input signal sample that has a delay q 7 
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yk is a power amplifier output signal feedback sample corresponding to 
input signal sample Xk, 

* denotes complex conjugation. 



11. The pre-distorter of claim 8, including means (48) for calculating a refined 
filter coefficient estimate T ql (&) corresponding to a filter tap with a delay q 

and a signal amplitude bin b from a previous filter coefficient estimate T qi _ x (6) 
in accordance with the equation: 



T ql (b) = T qi _ x (b) + J u q -(x k -y k y 7 ^ : \x k _ q | e M 

where 



b 



\ x *-i\ 



juq is a constant associated with filter tap q, 

Xkrq is a stored input signal sample that has that has a delay q and an 
15 amplitude that falls within a predetermined window Mb around the center 

amplitude of bin b, 

yk is a power amplifier output signal feedback sample corresponding to 
input signal sample Xk y 

* denotes complex conjugation. 

20 

12. The pre-distorter of claim 8, including means (48) for calculating a refined 
filter coefficient estimate T qi {b) corresponding to a filter tap with a delay q 

and a signal amplitude bin b from a previous filter coefficient estimate T qi _ x (6) 
25 in accordance with the equation: 
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T ¥ (b) = T qt . x (b) + Mq • u(b) -(x k -y k y : \x k _ q | e M b 
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where 

fiq is a constant associated with filter tap q, 

Xk<t is a stored input signal sample that has a delay q and an amplitude 
that falls within a predetermined window Mb around the center amplitude \x b \ 
of bin b, 

Xh is a power amplifier input signal sample that yk^q is a power amplifier 
output signal feedback sample corresponding to input signal sample Xk 9 
* denotes complex conjugation. 



13. A power amplifier having a pre-distorter formed by a FIR filter structure 
including 

an individual look-up table for each filter tap, each look-up table repre- 
senting a discretized polynomial in a variable representing input signal 
amplitude, and 

means for selecting, from each filter tap look-up table, a filter coefficient 
that depends on the amplitude of a corresponding complex signal value to be 
multiplied by the filter tap, said pre-distorter including 

means (50) for storing measured unamplified input signal samples and 
corresponding power amplifier output feedback signal samples; and 

means (48) for determining look-up table filter coefficients for each filter 
tap by separate independent iterative procedures using said stored samples. 
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8 



14. The power amplifier of claim 13, including means (48, 50) for implement- 
ing said iterative procedures as least mean square based iterative procedures. 

15. The power amplifier of claim 14, including means (48) for calculating a 
refined filter coefficient estimate T q{ {b) corresponding to a filter tap with a 
delay q and a signal amplitude bin b from a previous filter coefficient estimate 

(^) i* 1 accordance with the equation: 



10 where 

is a predetermined constant associated with filter tap q, 
Nb is the number of stored input signal samples that have an amplitude 
that falls within a predetermined window Mb around the center amplitude of 
bin b, 

15 xxhj is a stored input signal sample that has a delay q, 

x/fc is a power amplifier output signal feedback sample corresponding to 
input signal sample Xfc, 

* denotes complex conjugation. 

20 

16. The power amplifier of claim 14, including means (48) for calculating a 
refined filter coefficient estimate T qi (b) corresponding to a filter tap with a 

delay q and a signal amplitude bin b from a previous filter coefficient estimate 
T fmml (&) in accordance with the equation: 

25 
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fjq is a constant associated with filter tap qr, 

iVb is the number of stored input signal samples that have an amplitude 
that falls within a predetermined window Mb around the center amplitude \x b \ 
of bin b, 

Xkq is a stored input signal sample that has a delay q, 
tfk is a power amplifier output signal feedback sample corresponding to 
input signal sample 

* denotes complex conjugation. 



17. The power amplifier of claim 14, including means (48) for calculating a 
refined filter coefficient estimate T qi (b) corresponding to a filter tap with a 
delay q and a signal amplitude bin b from a previous filter coefficient estimate 
15 (P) * n accordance with the equation: 



where 



\ X k-q\ 



/jq is a constant associated with filter tap q, 
2 0 Xkrq is a stored input signal sample that has that has a delay q and an 

amplitude that falls within a predetermined window Mb around the center 
amplitude of bin b, 

t/k is a power amplifier output signal feedback sample corresponding to 
input signal sample Xk, 
25 * denotes complex conjugation. 



18. The power amplifier of claim 14, including means (48) for calculating a 
refined filter coefficient estimate T gi (b) corresponding to a filter tap with a 
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delay q and a signal amplitude bin b from a previous filter coefficient estimate 
Tqi-i (b) in accordance with the equation: 

T ql (b) = T qi _ i (b) + M q -u(b)-(x k -y k )-xl g : \x k _ q \eM b 

5 where 

jiiq is a constant associated with filter tap q, 

Xkrq is a stored input signal sample that has a delay q and an amplitude 
that falls within a predetermined window Mb around the center amplitude \x b \ 
of bin b y 

10 Xk is a power amplifier input signal sample that yk-q is a power amplifier 

output signal feedback sample corresponding to input signal sample Xk, 
* denotes complex conjugation. 

15 19. A base station provided with a power amplifier having a pre-distorter 

formed by a FIR filter structure including 

an individual look-up table for each filter tap, each look-up table repre- 
senting a discretized polynomial in a variable representing input signal 
amplitude, and 

2 o means for selecting, from each filter tap look-up table, a filter coefficient 

* that depends on the amplitude of a corresponding complex signal value to be 
multiplied by the filter tap, said pre-distorter including 

means (50) for storing measured unamplified input signal samples and 
corresponding power amplifier output signal feedback samples; and 
25 t means (48) for determining look-up table filter coefficients for each filter 

I tap by separate independent iterative procedures using said stored samples. 
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20. The base station of claim 19, including means (48, 50) for implementing 
said iterative procedures as least mean square based iterative procedures. 

21. The base station of claim 20, including means (48) for calculating a refined 



where 

jug is a predetermined constant associated with filter tap q, 

Nb is the number of stored input signal samples that have an amplitude 

that falls within a predetermined window Mb around the center amplitude of 

bin b, 

Xk-q is a stored input signal sample that has a delay q, 
yk is a power amplifier output signal feedback sample corresponding to 
input signal sample Xk, 

* denotes complex conjugation. 

22. The base station of claim 20, including means (48) for calculating a refined 
filter coefficient estimate T qi (6) corresponding to a filter tap with a delay q 

and a signal amplitude bin b from a previous filter coefficient estimate T g{ ^ (6) 
in accordance with the equation: 



filter coefficient estimate T qi (b) corresponding to a filter tap with a delay q 

and a signal amplitude bin b from a previous filter coefficient estimate T qi ^ (b) 
in accordance with the equation: 
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10 



where 

jLtq is a constant associated with filter tap q> 

Nb is the number of stored input signal samples that have an amplitude 
that falls within a predetermined window Mb around the center amplitude \x b \ 
of bin b, 

Xk<i is a stored input signal sample that has a delay q, 
yk is a power amplifier output signal feedback sample corresponding to 
input signal sample Xk, 

* denotes complex conjugation. 



23. The base station of claim 20, including means (48) for calculating a refined 
filter coefficient estimate T qi (6) corresponding to a filter tap with a delay q 

15 and a signal amplitude bin b from a previous filter coefficient estimate T qi _ x (Z>) 

in accordance with the equation: 

T qt (b) = T ql _ x (b) + M q '(x k -y k ). : \x k _ q \ e M b 

\ X k-q\ 

where 

2 0 jjq is a constant associated with filter tap q, 

Xhq is a stored input signal sample that has that has a delay q and an 
amplitude that falls within a predetermined window Mb around the center 
amplitude of bin b, 
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t/fc is a power amplifier output signal feedback sample corresponding to 
input signal sample Xh, 

* denotes complex conjugation. 



24. The base station of claim 20, including means (48) for calculating a refined 
filter coefficient estimate T ql (b) corresponding to a filter tap with a delay q 

and a signal amplitude bin b from a previous filter coefficient estimate T qi _ x (b) 
in accordance with the equation: 

c 

T * ( b ) = T q t-i ( b ) + M q - <b) \x k -y k y x k _ q : \x k _ g \ e M b 

< 



where 

juq is a constant associated with filter tap q, 

Xfc-g is a stored input signal sample that has a delay q and an amplitude 
that falls within a predetermined window Mb around the center amplitude \x b | 
of bin b, 

Xk is a power amplifier input signal sample that is a power amplifier 
output signal feedback sample corresponding to input signal sample Xk, 
* denotes complex conjugation. 
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